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(54) Process of forming a pattern on a substrate 

(57) A process for forming an inorganic material 
layer pattern on a substrate. The process includes the 
steps of transferring an inorganic powder dispersed 
paste layer supported on a support film to the surface of 
the substrate to form the inorganic powder dispersed 
paste layer on the substrate; forming a resist film on the 
inorganic powder dispersed paste layer transferred to 
the surface of the substrate; exposing the resist film to 
light through a mask to form a latent image of a resist 
pattern; developing the exposed resist film to form the 
resist pattem; etching exposed portions of the inorganic 
powder di^ersed paste layer to form an Inorganic pow- 
der dispersed paste layer pattern corresponding to the 
resist pattern; and baking the pattern to form an inor- 
ganic material layer pattern. 
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Descripti n ' ' v-r ::' 

[0001] The present invention relates to a process for forming an inorganic materia! layer pattern' on a substrate and, 
more specifically, to a pattern formation process suitable for the production of a plasma display panel, which enables 

5 the formation of a very fine pattern for a panel material forming each display cell of a plasma display panel and which 
can substantially improve workability using a transfer film compared with the process of the prior art. 
[0002] Of flat panel display technologies, a plasma display panel (PDP) attracts much attention because its production 
process is easy though it is a large-sized panel and it has a wide view angle and is of a self light emission type with high 
display quality. Particularly, a color plasma display pan^ is expected to become the main stream of the market as a dis- 

10 play device for 20-inch or more wall TVs in the future. 

[0003] A color PDP can display colors by irradiating a fluorescent material with ultraviolet light generated by gas dis- 
charge. Generally speaking, the color PDP has a constitution such that fluorescent sites for emitting red color, fluores- 
cent sites for emitting green color and fluorescent sites for emitting blue color are formed on a substrate so that light 
emitting display cells for respective colors are uniformly existent over the entire panel. Specifically, t^riers ribs made 

75 from an insulating material are provided on the surface of a sut^strate made from glass or the like, many display cells 
are defined by the barrier ribs, and the inside of each display cell serves as a plasma function space. Each fluorescent 
site is formed in this plasma function space and an electrode for causing plasma to act on the fluorescent site is pro- 
vided at this fluorescent site, whereby a plasma display panel comprising display cells as display units is formed. 
[0004] Fig. 1 show an example of the structure of an AC type PDR A pair of maintenance electrodes 6A are formed 

20 in the form of stripes on a front side substrate glass 1 , a dielectric layer 3 covers the maintenance electrodes 6A and a 
MgO film 3 A as a protective film is vapor-deposited on the dielectric layer 3. In Fig. 1, reference numeral 10 denotes 
bus lines. 

[0005] To improve the contrast of the plasma display panel, red. green and blue colors filters and a black matrix (not 
shown) may be provided under the dielectric layer. 
25 [0006] On a rear side substrate glass 2, signal electrodes 6B are formed in the form of stripes, barrier ribs 5 are pro- 
vided between adjacent signal electrodes, and a fluorescent layer 4 is formed on the side and bottom of each of the 
banier ribs 5. 

[0007] The front side substrate and the rear side substrate are joined together and sealed in such a manner that the 
maintenance electrodes of the front side substrate and the signal electrodes of the rear side sutistrate cross each other 
30 at right angles, and a mixed gas of neon and xenon is introduced into the inside. 

[0008] Fig. 2 shows an example of the structure of a DC type PDR Cathode electrodes 6a are formed in the form of 
stripes on the front side sut>strate glass 1 . 

[0009] On a rear side glass substrate, the electrode terminals and leads 6b' and 6c' of display anodes 6b and auxiliary 
anodes 6c are formed, and a resistor 7 is further provided between the anode terminal and the anode lead and between 
35 the auxiliary anode terminal and the auxiliary anode lead. The rear sttostrate is insulated with a dielectric 3 excluding 
the display anode terminals and the auxiliary anode terminals. Thereafter, to define a discharge space, banier ribs 5 
are provided in the form of a lattice and a fluorescent layer 4 is formed on the side and t>ottom excluding the anode ter- 
minal of each barrier rib. In Rg.2, the reference numeral 8 denotes a display cell and the reference numeral 9 denotes 
an auxiliary cell. 

40 [001 0] The front side substrate and the rear side substrate are joined together and sealed in such a manner that the 
cathode 6a of the front side substrate and the display anode 6b and the auxiliary anode 6c of the rear side substrate 
cross each other at right angles, and a mixed gas of neon and xenon is introduced into the inside. 
[001 1 ] As a process for forming a pattern for panel materials such as the barrier ribs, electrodes, resistors, fluorescent 
materials, color filters and black matrix of the above plasma display panel, there are known (1) a screen-printing proc- 

45 ess which comprises screen-printing a non-photosensitive inorganic powder dispersed paste composition on a sub- 
strate to form a pattern and baking it; (2) a photolithography which comprises forming a photosensitive inorganic 
powder dispersed paste composition film on a substrate, exposing the film to ultraviolet light through a photomask, 
developing the exposed film to form a pattern on the substrate and baking it: and the like. 

[0012] However, in the above screen printing process, the requirement for the positioning accuracy of a pattern is 
50 becoming more and more severe along with an increase in the size of a panel and a reduction in pattern width, and gen- 
eral printing cannot satisfy the requirement. 

[0013] Also, in the above photolithography, the sensitivity in a depth direction of an inorganic powder dispersed paste 
layer is unsatisfactory and a very fine pattern with sharp edges cannot be always obtained when a 10 to 100 jim-thick 
film pattern is to be formed with a one time of exposure and development. 
55 [001 4] It is an object of the present invention to provide a novel process for forming an inorganic material layer pattem 
on a substrate. 

[001 5] It is another object of the present invention to provide a process for forming a pattern suitable for the production 
of a plasma display panel. 
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[001 61 It is still another object of the present Invention to provide a process for forming a pattern having high dimen- 
sional accuracy. - 

[001 71 It is a further object of the present invention to provide a process for forming a pattern, which can substantially 
improve workability and has excellent production efficiency as compared with the process of the FJrior art. 
5 [00181 It is a still further object of the present invention to provide a transfer film having an inorganic powder dispersed 
paste layer for forming the at)ove inorganic material layer, which is advantageously used to carry out the process of the 
present invention. . - 

[001 91 Other objects and advantages of the present invention will become apparent from the following description. 
[0020] According to the present invention, firstly, the above objects and advantages of the present invention can be 
10 attained by a process for forming an inorganic material layer pattern on a substrate (to be referred to as "the first proc- 
ess of the invention"), which comprises the steps: 

(1) transferring an inorganic powder dispersed paste layer supported on a support film to the surface of the sub- 
strate to form the inorganic powder dispQ-sed paste layer on the substrate; 
75 (2) forming a resist film on the inorganic powder dispersed paste layer transferred to the surface of the substrate; 

(3) exposing the resist film to light through a mask to form a latent image of a resist pattern; 

(4) developing the exposed resist film to form the resist pattern; 

(5) etching exposed portions of the inorganic powder dispersed paste layer to form an inorganic powder dispersed 
paste layer pattern corresponding to the resist pattern; and 

20 (6) baking the pattern to form an inorganic material layer pattern. 

Brief Description of the Drawings 
[0021] 

25 

Fig. 1 is a sectional view of a general AC type POP; 
Fig. 2 is a sectional view of a general DC type PDP; 

Fig. 3 is a sectional view showing the production process of a plasma display panel according to an embodiment 
of the present invention in the order of its steps; and 
30 Fig. 4 is a sectional view showing the subsequent steps after the steps of Fig. 3 of the production process according 
to the embodiment of the present invention. 

[0022] The process of the present invention consists of steps ( 1 ) to (6). 

[0023] That is, the process of the present invention consists of (1) the step of transferring an inorganic powder dis- 
ss persed paste layer. (2) the step of forming a resist film. (3) the step of exposing the resist film. (4) the step of developing 
the resist film, (5). the step of etching the inorganic powder dispersed paste layer, and (6) the step of baking the inor- 
ganic powder dispersed paste layer pattern. 

[0024] Each step will be described with reference to the accompanying drawings. 
40 <Step of transfening inorganic powder dispersed paste layer > 

[0025] In the step (1). an inorganic powder dispersed paste layer supported on a support film is transferred to the 
surface of a substrate to form the inorganic powder dispersed paste layer on the substrate. The inorganic powder dis- 
persed paste layer is formed not by coating an inorganic powder dispersed paste composition in which inorganic pow- 

45 der is dispersed, such as a composition for forming barrier ribs or a composition for forming electrodes, directly on a 
substrate having rigidity a by transfening the above paste layer supported on the support film having flexibility. The 
paste composition can be coated on the support film with a roll coater or the like, thereby making it possible to form an 
inorganic powder dispersed paste layer having a large thickness (for example. 10 jim ± 1 ^m) and excellent uniformity 
in thickness on the support film. The inorganic powder dispersed paste layer can be formed without fail by the simpi 

so operation of transferring the thus formed inorganic powder dispersed paste layer to the surface of the substrate en bloc. 
Therefore, according to the process of the present invention, the step of forming an inorganic powder dispersed past 
layer can be improved (increase in efficiency) and the quality of the formed pattern can be also improved (increase in 
the fineness of pattern). 

[0026] Fig. 3 and Fig. 4 are schematic sectional views showing one example of the steps of forming an inorganic pow- 
55 der dispersed paste layer in the production process of the present invention. In Fig. 3(a). reference numeral 1 1 denotes 
a glass substrate. 

[0027] The production process of the present invention has significant characteristics in that a transfer film is used to 
transfer the inorganic powder dispersed paste layer forming the transfer film to the surface of the substrate. 
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[0028] The transfer film comprises a support film and an inorganic powder cfispersed paste layer fomned on the sup- 
port film, and a protective film layer may be formed on the surface of the inorganic powder dispersed paste layer. The 
constitution of the transfer film wiD be described hereinafter. 

[0029] An example of the transfer step is as follows. After the protective film layer of the transfer film used as required 
5 is removed, the transfer film 20 is placed on the surface of the glass substrate 1 1 in such a manner that the surface of 
the inorganic powder dispersed paste layer 21 comes In contact with the surface of the substrate 1 1 , as shown in Rg. 
3(b). and thermally pressed by a heating roller, and then the support film 22 is removed from the inorganic powder dis- 
persed paste layer 21. Thereby, the inorganic powder dispersed paste layer 21 is transferred and closely adhered to the 
surface of the glass substrate 11 as shown in Fig. 3(c). When the inorganic powder dispersed paste layer pattern is 
10 used to form electrodes, a reflection reducing film may be formed between the glass substrate and the inorganic powder 
dispersed paste layer, and when the inorganic powder dispersed paste layer pattern is used to form barrier rtos, a 
reflection reducing film may be formed on the inorganic powder dispersed paste layer (that is, between the layer and a 
resist film which will be described later). Although the reflection reducing film may be formed by a prior art process such 
as screen printing or the like, a transfer film having a laminate film consisting of the inorganic powder dispersed paste 
IS layer and the reflection reducing film is preferably used. 

[0030] Transfer conditions include a heating roller surface temperature of 80 to 140**C. a heating roll pressure of 1 to 
5 kg/cm^. and a heating roll moving speed of 0.1 to 10.0 m/min. The glass substrate may be preheated at 40 to 100**C, 
for example. 

[0031] In the production process of the present invention, it Is preferred to transfer and form on the substrate a lami- 
20 nate consisting of a plurality of inorganic powder dispersed paste layers which differ in solubility in an etching solution, 
[0032] By etching this laminate, anisotropy in a depth direction of etching is produced, thereby making it possible to 
form a material layer residual portion having a preferred rectangular section or section close to a rectangular shape. 
[0033] The number (n) of inorganic powder dispersed paste layers to be laminated together is generally 2 to 10, pref- 
erably 2 to 5- 

25 [0034] To form a laminate consisting of an n number of inorganic powder dispersed paste layers. (1) an inorganic pow- 
der dispersed paste layer (single layer) formed on the support film is transferred an n number of times, or (2) a laminate 
consisting of an n number of inorganic powder dispersed paste layers is transferred en bloc. The method (2) is preferred 
from the viewpoint of simplifying the transfer step. 

30 (Step of forming resist film ) 

[0035] In this step (2), as shown in Fig. 3(d), a resist film 31 is formed on the surface of the transfened inorganic pow- 
der dispersed paste layer 21 . A resist forming this resistf iim 31 may be either positive or negative type. The composition 
of the resist will be desaibed hereinafter. 
35 [0036] The resist film 31 can be formed by coating a resist by screen printing, roll coating, rotation coating, cast coat- 
ing or the like and drying the coated film. 

[0037] The resist film formed on the support film may be transferred to the surface of the inorganic powder dispersed 
paste layer 21. According to this formation method, the step of forming a resist film can be improved (increase in effi- 
ciency) and the thickness uniformity of the formed inorganic powder pattern can also be inrtproved. 
40 [0038] The thickness of the resist film 31 is generally 0.1 to 40 jim, preferably 0.5 to 20 nm. 

(Step of exposing resist film) 

[0039] In this step (3). as shown in Rg. 3(e). the surface of the resist film 31 formed on the inorganic powder dispersed 
45 paste layer 21 is selectively exposed to radiation such as ultraviolet radiation through an exposure mask M to form a 
latent image of a resist pattern. In the figure, MA and MB denote light transmitting portions arxJ light shielding portiorts 
of tiie exposure mask M, respectively 

[0040] A radiation irradiating device is not particularly limited and may be an ultraviolet irradiating device used in the 
above photolithography or an exposure device used to produce semiconductors and liquid crystal display devices. 

so 

(Step of developing resist film > 

[0041] In this step (4). the exposed resist film is developed to form a resist pattern (latent image). 
[0042] As development conditions, there can be suitably selected a type, composition and concentration of a devei- 
55 open developing time, developing temperature, developing method (such as immersion, rocking, shower, spray or pud- 
dling metiiod) and a developing device, according to the type of tiie resist film 31 . 

[0043] By this development step, a resist pattern 35 consisting of resist remaining portions 35A and resist removed 
portions 35B is formed (pattern corresponding to the exposure mask M) as shown in Fig. 4(f). 
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[0044] This resist pattern 35 serves as an etching mask In the subsequent step (etching step) and a material forming 
the resist remaining portions 35A (photo-cured resist) must have a lower dissolution speed in an etching solution than 
a material forming the inorganic powder dispersed paste layer 21 . 

5 (Step of etching inorganic powder dispersed paste layer) 

[0045] In this step (5). the inorganic powder dispersed paste layer is etched to form an inorganic powder dispersed 
paste layer pattern corresponding to the resist pattern. 

[0046] That is, as shown in Fig. 4 (g), portions corresponding to the resist removed portions 35B of the resist pattern 
10 35 of the inorganic powder dispersed paste layer 21 are dissolved in the etching solution and selectively removed. Fig. 
4(g) shows a state that the inorganic powder dispersed paste layer is being etched. 

[0047] When etching is continued, as shown in Fig. 4(h). the surface of the glass substrate is exposed at the portions 
corresponding to the resist removed portions of the inorganic powder dispersed paste layer 21. Thereby, an inorganic 
powder dispersed paste layer pattern 25 consisting of material layer remaining portions 25A and material layer removed 
75 portions 25B is formed. 

[0048] As etching conditions, there can be suitably selected a type, composition and concentration of the etching solu- 
tion, treatment time, treatment temperature, treatment method (such as immersion, rocking, shower, spray or puddling 
treatment) and a ti-eatment device according to tiie type of tiie inorganic powder dispersed paste layer 21 . 
[0049] The types of the resist film 31 and the inorganic powder dispersed paste layer 21 are selected so that a solution 
20 similar to the developer used in the developing step can be used as the etching solution, thereby making it possible to 
carry out the developing step and the etching step continuously with the result of improved production efficiency due to 
the simplification of the process. 

[0050] It is preferred that the resist remaining portions 35A forming the resist pattern 35 should be dissolved gradually 
by etching and completely removed when the inorganic powder dispersed paste layer pattern 25 is formed (when etch- 
25 ing is completed). 

[0051] Even when part or all of the resist remaining portions 35A remain after etching, the resist remaining portions 
35a are removed in the subsequent baking step. 

(Step of baking inorganic powder dispersed paste layer pattern ) 

30 . 

[0052] In this step (6), tiie inorganic powder dispersed paste layer pattern 25 is baked. Thereby, organic substances 
contained in the material layer remaining portions are calcined, a metal layer or an inorganic material layer such as a 
glass layer is formed, an inorganic material layer pattern 40 is formed on tine surface of the glass sulDStrate as shown in 
Fig. 4(i). and a panel material 50 in which, for example, the inorganic material layer is an electrode or barrier rib can be 
35 eventually obtained. 

[0053] The baking temperature must be a temperature at which the organic substances contained in the material layer 
remaining portions 25A can be burnt, generally 400 to 600**C. The baking time is generally 10 to 90 minutes. 
[0054] According to the present invention, there is also provided a process for forming an inorganic material layer pat- 
tern on a substrate (to be referred to as The second process of the invention" hereinafter). 
40 [0055] That is, according to the present invention, there is also provided a process for forming an inorganic material 
layer pattern on a substrate, which comprises tiie steps of: 

(1) transferring a laminate, in which a resist film and an inorganic powder dispersed paste layer are laminated and 
supported on a support film in tiiis order, to the surface of the substrate to form on the substrate the laminate film 

45 in which the inorganic powder dispersed paste layer and the resist film are laminated in this order; 

(2) exposing the resist film to light through a mask to form a latent image of a resist pattern; 

(3) developing the exposed resist film to form the resist pattern; 

(4) etching exposed portions of the inorganic powder dispersed paste layer to form an inorganic powder dispersed 
paste layer pattern corresponding to the resist pattern; and 

£0 (5) baking the pattern to form an inorganic material layer pattern. 

[0056] In the above step (1 ). there is used the laminate film in which the resist film and tiie inorganic powder dispersed 
paste layer are laminated and supported on the support film in this order. This laminate film is formed by forming the 
resist film on the support film and then forming the inorganic powder dispersed paste layer on the resist film. To form 
55 the resist film and the inorganic powder dispersed paste layer, a roll coater may be used, tinereby making it possible to 
form a laminate film having excellent thickness uniformity can be formed on tiie support film. 

[0057] The laminate film consisting of tiie resist film and the inorganic powder dispersed paste layer formed on tine 
support film is transferred to tiie surface of tiie substi-ate. Transfer conditions may be tiie same as those in the afore- 
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mentioned (step of transferring an inorganic powder dispersed paste layer) of the first process of the invention. As 
described in the (step of transferring an inorganic powder dispersed paste layer), a reflection reducing film may be 
formed on or under the inorganic powder dispersed paste layer. The atx)ve steps (2). (3), (4) and (5) can be carried out 
by the same operations as those in the (steps of exposing a resist film, developing a resist film, etching an inorganic 
5 potfvder dispersed paste layer and baking an inorganic powder dispersed paste layer pattern ) in the first process of the 
invention. 

[0058] According to the above process, since the inorganic powder dispersed paste layer and the resist film are trans- 
ferred to the surface of the substrate en bloc, production efficiency can be further improved by the simplification of the 
process. 

10 [0059] The process of the present invention can be used not only in the formation of electrodes and barrier ribs but 
also in the formation of a resistor, fluorescent material, color filter or black matrix for a plasma display panel. 
[0060] Materials and conditions used in each step of the process will be described hereinafter. 

(Substrate) 

15 

[0061] The material of the substrate is a plate-like material made from an insulating material such as glass, silicon. 
polycartDonate, polyester, aromatic amide, polyamide imide or polyimide. A proper pretreatment such as a chemical 
treatment with a silane coupling agent, plasma treatment, or thin film formation treatment by ion plating, sputtering, 
vapor phase reaction or vacuum deposition may be made on the surface of this plate-like member. 

20 

(Transfer film) 

[0062] The transfer film used in the production process of the present invention has a support film and an inorganic 
powder dispersed paste layer formed on the support film. A protective film layer may be formed on the surface of the 
25 inorganic powder dispersed paste layer 

(1) Support film: 

[0063] The support film-forming the transfer film is preferably a resin film having not only heat resistance and solvent 
3D resistance but also flexibility Due to the flexibility of the support film, a paste composition can be coated on the support 
film with a roll coater. and the inorganic powder dispersed paste layer can be stored and supplied in the form of a roll. 
A resin forming the support film is selected from polyethylene terephthalate. polyester, polyethylene, polypropylene, pol- 
ystyrene, polyimide. polyvinyl alcohol, polyvinyl chloride, fluorine-containing resin such as poiyfluoroethylene. nylon, 
cellulose and the like. The thickness of the support film is, for example, 20 to 1O0 pm. 

35 

(2) Inorganic powder dispersed paste layer: 

[0064] The inorganic powder dispersed paste layer forming the transfer film can be formed by coating the sui:port film 
with a pasty inorganic powder dispersed paste composition containing inorganic powder, a binding resin and a solvent 
40 as essential ingredients, such as a composition for forming electrodes or a composition for forming ban'ier ribs and dry- 
ing the coated film to remove part or all of the solvent. 

(3) Inorganic powder dispersed paste composition 

45 [0065] The inorganic powder dispersed paste composition used to form the transfer film is a pasty composition con- 
taining (a) inorganic powder, (b) a binder and (c) a solvent. 

(a) Inorganic powder 

50 [0066] The inorganic powder used in the inorganic powder dispersed paste composition of the present invention dif- 
fers depending on the type of a material to be formed. 

[0067] Inorganic powder used in a composition for forming electrodes includes conductive powder such as Ag, Au. 
Al. Ni. Ag-Pd alloy Cu and Cr. 

[0068] Inorganic powder used in a composition for forming barrier ribs includes low-melting glass frit. Illustrative 
55 exannples of the inorganic powder include (1) a mixture of zinc oxide, boron oxide and silicon oxide (2nO-B203-Si02 
series). (2) a mixture of lead oxide, boron oxide and silicon oxide (PbO-B2O3-Si02 series). (3) a mixture of lead oxide, 
boron oxide, silicon oxide and aluminum oxide (PbO-B203-Si02-Al203 series). (4) a mixture of lead oxide, zinc oxide, 
boron oxide and silicon oxide (PbO-ZnO-B203-Si02 series) and the like. 
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[0069] These inorganic powder dispersed paste composttions can be used as a composition lor forming a resistor, 
fluorescent material, color filter or black matrix by changing the type of the inorganic powder. 
[00701 Inorganic powder used in a composition for forming a resistor includes RUO2 and the like. 
[0071] Inorganic powder used in a composition for forming a fluorescent material includes Y203:Eu^"*'. YgSiOsiEu^. 
£ Y3Al50i2:Eu^. YV04:Eu^*. (Y,Gd)B03:Eu^. 2n3(P04)2:Mn and the like for red color. Zn2Si04:Mn. BaAli20i9:Mn, 
BaMgAli4023:Mn, LaP04:(Ce.Tb). Y3(AI,Ga)50i2:Tb and the like for green color, and Y2Si05:Ce, BaMgAl^oOiT-Eu^*. 
BaMgAli4023:Eu2*, (Ca.Sr,Ba)io(P04)6Ci2:Eu2*. (Zn,Cd)S:Ag and the like for blue color. 

[0072] Inorganic powder used in a composition for forming a color filter includes Fe203, Pb304 and the like fa red 
color. Cr203 and the like for green color, and 2(Al2Na2Si30io) • Na2S4) and the like for blue color. 

10 [0073] Inorganic powder used in a composition for forming a black matrix includes Mn. Fe, Cr and the like. 

[0074] According to the present invention, the inorganic powder dispersed paste layer is a paste layer in which con- 
ductive inorganic powder is dispersed and the formation of electrodes on a substrate for a plasma display panel which 
are the inorganic material layer pattern formed in the above baking step can be carried out advantageously, or the inor- 
ganic powder dispersed paste layer is a paste layer in which glass powder is dispersed and the formation of ban-ier ribs 

15 on a substrate for a plasma display panel which are the inorganic material layer pattern formed in the baking step can 
be carried out advantageously. 

[0075] When the electrodes are formed, a paste composition comprising (a-1) conductive powder, (b) an alkali-solu- 
ble resin and (c) a solvent is preferably used as the conductive inorganic powder dispersed paste layer and when the 
barrier ribs are formed, a paste composition comprising {a-2) glass frit, (b) an alkali-soluble resin and (c) a solvent is 
20 preferably used as the glass powder dispersed paste layer. 

(b) binder 

[0076] As the binder used in the inorganic powder dispersed paste conrposition of the present invention may be used 
25 various resins. A binder comprising 30 to 100 wt% of an alkali-soluble resin is particularly preferred. 

[0077] The term "alkali-soluble" used herein means the property of dissolving in an alkaline etching solution which 
will be described hereinafter and being soluble to such an extent that the intended etching can be carried out. 
[0078] The alkali-soluble resin used in the binder preferably has a surface tension polar item value of its surface ten- 
sion of 5 to 20 dyn/cm. 

30 [0079] A resin having a surface tension polar item value of the surface tension of less than 5 dyn/cm may show hydro- 
phobic nature and lowered wettability (affinity) for inorganic powder having a hydrophilic surface. When this resin is 
used, it is difficult to prepare a connposition having excellent dispersion stability of inorganic powder and film defects 
may occur in a film-forming material layer formed off the composition. 

[0080] On the other harxi, a resin having a surface tension polar item value of the surface tension of more than 20 
35 dyn/cm shows high hydrophilic nature and it is difficult to coat an inorganic powder dispersed paste composition con- 
taining this resin on a support film having a hydrophobic surface (such as a PET film subjected to a release treatmerrt). 
[0081 ] An inorganic powder dispersed paste composition obtained by controlling the surface tension polar item value 
of the surface tension of the alkali-soluble resin to 5 to 20 dyn/cm has both dispersion stability of inorganic powder and 
excellent coating properties for the support film. 
40 [0082] The surface tension polar item of the surface tension of the alkali-soluble resin can be controlled by changing 
the type and content of a monomer contained in the resin. 

[0083] The surface tension (surface tension polar item and dispersion item) of the alkali-soluble resin is preferably in 
the range of 30 to 50 dyn/cm. 

[0084] Illustrative examples of the alkali-soluble resin include (meth)acrylic resins, hydroxystyrene resins, novolak res- 
45 ins, polyester resins and the like. 

[0085] Of these alkali-soluble resins, copolymers of the following monomers (a) and monomers (b) and copolymers 
of monomers (a), monomers (b) and monomers (c) are particularly preferred. 

monomers (a): 

50 alkali -soluble functional group-containing monomers as typified by carboxyl group-containing monomers such as 
acrylic acid, methacryiic acid, maleic acid, fumaric acid, crotonic add. itaconic acid, citraconic add. mesaconic add 
and cinammic acid; hydroxyl group-containing monomers such as 2 -hydroxy ethyl (meth)acrylate. 2-hydroxypropyl 
(meth)acrylate and 3-hydroxypropyl (meth)acrylate: phenolic hydroxyl group-containing monomers such as o- 
hydroxystyrene. m-hydroxystyrene and p-hydroxystyrene; and the like. 

55 monomers (b): 

monomers copolymerizable with monomers (a) as typified by (meth)acrylic acid esters other than the monomers 
(a) such as methyl {meth)acrylate. ethyl {meth)acrylate. butyl (meth)acrylate. benzyl (meth)acryiate, glycidyl 
(meth)acryiate and dicydopentanyl (meth)acrylate; aromatic vinyl monomers such as styrene and a-methylsty- 
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rene; conjugated dienes such as butadiene and isoprene; and the like, 
nnononiers (c): 

macromonomers typified by macromonomers having a polymerizable unsaturated group such as (meth)acryloyl 
group at one terminal of a polymer chain, such as polystyrene, methyl poly(meth)acrylate. ethyl poly(meth)acrylate 
5 and benzyl poly(meth)acryiate. 

[0086] The content of the binder in the inorganic powder dispersed paste composition is generally 1 to 50 parts by 
weight, preferably 1 to 40 parts by weight, based on 100 parts by weight of inorganic powder. 

10 (c) Solvent 

[0087] The solvent constituting the inorganic powder dispersed paste composition is contained to provide appropriate 
fluidity or plasticity and good f Om-forming properties to the inorganic powder dispersed paste composition. 
[0088] The solvent constituting the inorganic powder dispersed paste composition Is not particularly limited and exem- 
15 plified by ethers, esters, ether esters. Ketones, ketone esters, amides, amide esters, lactams, lactones, sulfoxides, sul- 
fones, hydrocarbons, hydrocartx^n halides and the like. 

[0089] The preferable solvent is required to have (1) a normal boiling point (boiling point at 1 atm) of 100 to aoO^C. 

preferably 1 10 to 180**C, and (2) a vapor pressure at 20*0 of 0.5 to 50 mmHg. preferat^ly 0.7 to 30 mmHg. 

[0090] When the normal boiling point is higher than 200**C, the boiling point of the whole solvent contained becomes 

20 too high, and when the inorganic powder dispersed paste composition containing this solvent is coated to form a trans- 
fer film, an organic solvent remains in the film-forming material layer of the obtained transfer film in large quantities with 
the result that a blocking phenomenon is liable to occur when the transfer film is kept in the rolled form. On the other 
hand, when the normal boiling point is lower than 100**C. the boiling point of the whole solvent becomes too low. 
agglomerates of the inorganic powder are liable to be formed in the inorganic powder dispersed paste composition con- 

25 taining this solvent with the result that film defects such as coating stripes, craters and pin holes are liable to be pro- 
duced in the film-forming material layer formed by coating the composition. 

[0091] When the vapor pressure is lower than 0.5 mmHg. the vapor pressure of the whole solvent becomes too low. 
and when the inorganic powder dispersed paste composition containing this solvent is coated to fomn a transfer film, an 
organic solvent remains in thefilm-forn^ng material layer of the obtained transfer film in large quantities with the result 
30 that a blocking phenomenon is liable to occur when the transfer film is kept in the rolled form. On the other hand, when 
the vapor pressure is higher than 50 mmHg. the vapor pressure of the whole solvent becomes too high, and the inor- 
ganic powder dispersed paste composition containing this solvent has quick drying property and poor uniformity in 
thickness due to insufficient leveling property at the time of coating. 

[0092] Illustrative exanrples of the solvent include tetrahydrofuran, anisole. dioxane, ethylene glycol monoalkyi ethers, 
35 diethylene glycol dialkyi ethers, propylaie glycol monoalkyi ethers, propylene glycol dialkyi ethers, acetic acid esters, 
hydroxy acetic acid esters, alkoxy acetic acid esters, propionic acid esters, hydroxypropionic acid esters, alkoxypropi- 
onic acid esters, lactic add esters, ethylene glycol monoalkyi ether acetates, propylene glycol monoalkyi ether acetates, 
alkoxyacetic acid esters, cyclic ketones, non-cyclic ketones, acetoacetic acid esters, pyruvic acid esters, N.N-dialkylfor- 
mamides. N.N-dialkylacetamides, N-alkylpyrrolidones. y-lactones, dialkylsulfoxides, dialkylsulfones, terpineol, N- 
40 methyl-2-pyrrolidone and the like. They may be used alone or in combination of two or more. 

[0093] The content of the solvent in the inorganic powder dispersed paste conposition can be suitably selected from 
a range where good film-forming prq3erty (fluidity or plasticity) can be obtained. 

[0094] The inorganic powder dispersed paste composition may contain other additives such as a dispersant, plasti- 
cizer. development pronroting agent adhesion aid. halation preventing agent, storage stabilizer, anti-foaming agent, 

45 antioxidant ultraviolet absorber, filler, low-melting glass and the like, as optional component(s). 

[0095] Particularly, an inorganic powder dispersed paste composition for forming electrodes may contain fatty acid as 
a dispersant for the above conductive powder. Prefen-ed examples of the fatty acid include saturated fatty acids such as 
octanoic acid, undecylic acid, lauric acid, myristic acid, palmitic acid, pentadecanoic acid, stearic acid and arachic add; 
and unsaturated fatty acids such as elaidic add, oleic acid, linoleic acid. linolenic acid and arachidonic add. They may 

so be used alone or in combination of two or more. The content of the fatty add in the inorganic powder dispersed paste 
composition is preferatrfy 10 parts or less by weight based on 100 parts by weight of the inorganic powder. 
[0096] The preferred method for coating the inorganic powder dispersed paste composition on the support film must 
be capable of forming a coated film having excellent uniformity in thickness and a large thickness (for example, 10 pm 
or more) efficiently, as exemplified by coating with a roll coater. doctor blade, curtain coater, wire coater and the like. 

55 [0097] The surface to be coated with the inorganic powder dispersed paste composition of the support film is prefer- 
ably subjected to a release treatment- Thereby, the support film can be removed easily in the transfer step which will be 
described hereinafter. 

[0098] Coated f im drying conditions are, for exanple, a coating temperature of 50 to 1 50**C and a coating time of 0.5 
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to 30 minutes, and the retention of the solvent after drying (content of the solvent in the inorganic powder dispersed 
paste layer) is generally 2 wt% or less. 

[CX>99] The thickness of the inorganic powder dispersed paste layer thus formed on the support film is generally 10 to 
100 (im. though it differs depending on the content of the inorganic powder and the type and size of a nHteriaL 
5 [01 00] The protective film layer which may be formed on the surface of the inorganic powder dispersed paste layer is 
a polyethylene film, polyvinyl alcohol film or the like. 

[0101] The following transfer films advantageously used for producing a plasma display panel by the process of the 
present invention are novel per se and provided by the present invention: 

10 (i) a transfer film for forming electrodes that has a conductive powder dispersed paste layer formed of a paste com- 
position having (a-1) conductive powder, (b) an alkali-soluble resin and (c) a solvent on the support film, 
(ii) a transfer film for forming electrodes that has a laminate in which a resist film and a conductive powder dis- 
persed paste layer, which is formed of a paste conrposition comprising (a-1) conductive powder, (b) an alkali-solu- 
ble resin and (c) a solvent, are laminated on the support film in this order. 

75 (iii) a transfer film for forming electrodes that has a laminate in which a resist film, a conductive powder dispersed 
paste layer formed of a paste composition comprising (a-1) conductive powder, (b) an alkali-soluble resin and (c) a 
solvent, and a reflection reducing film are laminated on the support film in this order. 

(iv) a transfer film for forming barrier ribs that has a glass powder dispersed paste layer formed of a paste compo- 
sition having (a-2) glass frit, (b) an alkali-soluble resin and (c) a solvent on the support film 
20 (v) a transfer film for forming barrier ribs that has a laminate in which a resist film and a glass powder dispersed 
paste layer, which is formed of a paste composition comprising (a-2) glass frit, (b) an alkali -soluble resin and (c) a 
solvent, are laminated on the support film in this order. 

(Resist film (resist composition) > 

25 

[0102] in the production process of the present invention, a resist film is formed on the inorganic powder dispersed 
paste layer transferred to the surface of tiie substrate, and exposed and developed to form a resist pattern on the inor- 
ganic powder dispersed paste layer. 

[01 03] A resist composition used to form the resist film is selected from (1 ) an alkali development type radiation sen- 
30 sitive resist corrposition, (2) an organic solvent development type radiation sensitive resist composition, (3) an aqueous 
development type radiation sensitive resist composition, and the like. These resist compositions will be desaibed here- 
inafter. 

(1) Alkali development type radiation sensitive resist composition 

35" 

[0104] The alkali development type radiation sensitive resist composition contains an alkali-soluble resin and a radi- 
ation sensitive component as essential ingredients. 

[0105] Illustrative examples of the alkali-soluble resin constituting the alkali development type radiation sensitive resist 
composition are the same as those listed for the alkali-soluble resin forming the binder component of tiie inorganic pow- 
40 der dispersed paste composition. 

[0106] Preferred examples of the radiation sensitive conrponent constituting the alkali development type radiation 
sensitive resist conposition include (1) a combination of a polyfunctional monomer and a photopolymerization initiator, 

(2) a combination of a melamine resin and an optically acid-generating agent which form an acid when exposed to radi- 
ation, and tiie like. Of combinations (1), a combination of a polyfunctional (meth)acrylate and a photopolymerization ini- 

45 tiator is particularly preferred. 

[0107] Illustrative examples of the polyfunctional (meth) aery late forming the radiation sensitive component include 
di(metii)aaylates of alkylene glycol such as etiiylene glycol and propylene glycol; di(meth)acrylates of polyalkylene gly- 
col such as polyetiiylene glycol and polypropylene glycol: di(meth)acrylates of polymers having hydroxyl groups at both 
terminals such as both terminal hydroxypolybutadiene, both terminal hydroxypolyisoprene and both terminal hydroxy- 

50 polycaprolactone; poly(meth)acrylates of polyhydric alcohols having 3 or more hydroxyl groups such as glycerin, 1,2,4- 
butanetriol. trimethylol alkane. tetramethylol alkane and dipentaerythritol; poly(meth)acrylates of polyalkylene glycol 
adducts of polyhydric alcohols having 3 or more hydroxyl groups; pel y (meth) aery lates of cyclic polyols such as 1 .4- 
cyclohexanediol and 1.4-benzenediol; oligo(meth)acrylates such as polyester (meth)acryiate. epoxy (meth)acrylate. 
urethane (metii)acrylate. alkyd resin (meth)acryiate, silicone resin (meth)acrylate and spiran resin (meth)acrylate; and 

55 the like. They may be used alone or in combination of two or more. 

[0108] Illustrative examples of the photopolymerization initiator fomning the radiation sensitive component include car- 
bonyl conpounds such as benzyl, benzoin, benzophenone, canphorquinone, 2-hydroxy-2-methyl-1-phenylpropan-1- 
one. 1-hydroxycyclohexylphenyl ketone. 2.2-dimethoxy-2-phenylacetophenone, 2-metiiyl-[4*-(methylthio)phenyl]-2- 
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morpholino-1-propanone and 2-benzyl-2<limethyiamino-1-(4-morpholirK5pherTyf)butan-1-one; azo compounds such as 
azoisobutyronitrile and aztde compounds such as 4-azidobenzaldehyde; organic sulfur conrpounds such as mercaptan 
disulfide; organic peroxides such as benzoyl peroxide, di-tert-butyl peroxide, tert-butyi hydroperoxide, cumene 
hydroperoxide and paranriethane hydroperoxide; trihalomethanes such as 1.3-bis(trichloromethyt)-5-(2'-chlorophenyl)- 
5 1 ,3.5-triazine and 2*[2-(2-furanyl)ethylenyl]-4.6-bis(trichloromethyl)-1.3,5''triazine; imidazole dimers such as 2.2*-bi5(2- 
chlorophenyl)4.5,4'.S-t^rapheny1-1,2*-btinrBdazote; and the like. They may be used alone or in combination of two or 
more. — * ; . 

[0109] The content of the radiation sensitive component in the alkali development type radiation sensitive resist com- 
position Is generally 1 to 300 parts by weight, preferably 10 to 200 parts by weight based on 100 parts by weight of the 
10 alkali-soluble resin. 

[0110] To provide good film-forming property, an organic solvent is properly contained in the alkali development type 
radiation sensitive resist composition. Illustrative examples of the organic solvent are the same as those listed for the 
solvent forming the inorgarec powder dispersed paste composition. 

15 (2) Organic solvent development type radiation sensitive resist composition: 

{01 1 1] The organic solvent development type radiation sensitive resist composition contains an azido compound and 
at least one member selected from the group consisting of natural rubber, synthetic rubber and cydized rubber obtained 
by cyclizing these as essential ingredients. 
20 [0112] Illustrative exanples of the azido compound forming the organic solvent developmerrt type radiation sensitive 
resist composition include 4,4*-diazidobenzophenone. 4,4*-diazidodiphenyl methane, 4,4'-diazidostilbene, 4,4'-diazido- 
chalcone. 4.4'-diazidobenzalacetone, 2,6-di(4'-azidobenzal)cyclohexanone, 2,6-di(4'-azidobenzaI)-4-methyicyclohex- 
anone and the like. These may be used alone or in combination of two or more. 

[0113] To provide good film-forming property, an organic solvent is generally contained in the organic solvent devel- 
25 opment type radiation sensitive resist composition. Illustrative examples of the organic solvent are the same as those 
listed for the solvent forming the inorganic powder dispersed paste composition. 

(3) Aqueous development type radiation sensitive resist composition: 

30 [0114] The aqueous development type radiation sensitive resist composition contains a water-soluble resin such as 
polyvinyl alcohol and at least one member selected from the group consisting of diazonium compounds and bichromic 
acid compounds as essential ingredients. 

[0115] The resist composition used in the production process of the present invention may contain other additives 
such as a development promoting agent, adhesion aid. halation preventing agent, storage stabilizer, anti-foaming 
35 agent, antioxidant ultraviolet absorber, filler, fluorescent material, pigment and dye. as optional component(s). 

(Exposure mask) 

[01 1 6] The exposure pattern of the exposure mask M used in the step of exposing a resist film, which differs depend- 
40 ing on materials, is generally a stripe pattern having a stripe width of 10 to 500 ^im. 

(Developer) 

[0117] The developer used in the step of developing a resist film can be suitably selected according to the type of a 
45 resist film (resist conrposition) . Stated more specifically, an alkali developer can be used for a resist film formed from an 
alkali development type radiation sensitive resist composition, an organic solvent developer for a resist film formed from 
an organic solvent development type radiation sensitive resist composition and an aqueous developer for a resist film 
formed from an aqueous development type radiation sensitive resist composition. 

[0118] The effective component of the alkali developer is an alkaline inorganic compound such as lithium hydroxide, 
so sodium hydroxide, potassium hydroxide, sodium hydrogen phosphate, dtammonium hydrogen phosphate, dipotassium 
hydrogen phosphate, disodium hydrogen phosphate, ammonium dihydrogen phosphate, potassium dihydrogen phos- 
phate, sodium dihydrogen phosphate, lithium silicate, sodium silicate, potassium silicate, lithium carbonate, sodium car- 
bonate, potassium carbonate, lithium borate, sodium borate, potassium borate, ammonia or the like; and an alkaline 
organic compound such as tetramethyl ammonium hydroxide, trimethyl hydroxyethyl ammonium hydroxide, monometh- 
55 ylamine. dimethylamine. trimethylamine. monoethylamine. diethylamine. triethylamine. monoisopropylamine. diisopro- 
pylamine, ethanolamlne or the like. 

[01 1 9] The alkali developer used in the step of developing a resist film can be prepared by dissolving one or more of 
the above alkaline compounds in water. The concentration of tiie alkaline compound in the alkali developer is generally 
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0.001 to 10 w1%, preferably 0.01 to 5 wt%. After development with the alkali developer, vwashing with water is generally 
carried out 

[0120] Illustrative examples of the organic solvent developer include organic solvents such* as toluene, xylene and 
butyl acetate. They may be used alone or in combination of two or more. After development with an organic solvent 
5 developer, rinsing with a poor solvent Is carried out as required. 

[0121] Illustrative examples of the aqueous developer include water, alcohol and the like. . .- .r 

(Etching solution > 

10 [0122] The etching solution used in the step of etching an Inorganic powder dispersed paste layer is preferably an 
alkaline solution. Thereby, the alkali-soluble resin contained in the inorganic powder dispersed paste layer can be dis- 
solved and removed easily. 

[0123] Since the inorganic powder contained in the inorganic powder dispersed paste layer are uniformly dispersed 
in the alkali-soluble resin, the alkali-solutile resin which is a binder is dissolved in an alkaline solution and washed. 
75 whereby the inorganic powder is removed at the same time. 

[01 24] The alkaline solution used as an etching solution may be a solution having the same composition as the devel- 
oper. 

[01 25] When the etching solution has the same composition as the alkali developer used in the development step, the 
development step and the etching step can be carried out continuously with the result of improved production efficiency 
20 due to the sinplification of the process. 

[0126] After etching with an alkaline solution, washing with water is generally carried out. 

[0127] As the etching solution may also be used an organic solvent capable of dissolving the binder of the inorganic 
powder dispersed paste layer. Illustrative examples of the organic solvent are the same as those listed for tiie solvent 
forming the inorganic powder dispersed paste composition. 
25 [0128] After etching with an organic solvent, rinsing with a poor solvent is carried out as required. 

[0129] The following exanrples are provided for the purpose of further illustrating tiie present invention but are in no 
way to be taken as limiting. In the following examples, "parts" and mean "parts by weight" and "% by weight (wt%)*'. 
respectively 

[0130] The weight average molecular weight (Mw) is an average molecular weight in terms of styrene measured by 
30 gel permeation chromatography (GPC) (trade name: HLC-802A of Tosoh Corporation). 

Synthesis Example 1 

[0131] A monomer composition comprising 200 parts of N-methyl-2-pyrrolidone. 70 parts of n-butyi metiiacrylate, 30 
35 parts of methacrylic acid and 1 part of azobisisobutyronitrile was charged into an autoclave equipped with a stirrer, 
stirred uniformly at room temperature in a nitrogen atmosphere and polymerized at 80**C for 3 hours. The polymeriza- 
tion reaction was further continued at 100**C for 1 hour, and the temperature was then reduced to room temperature to 
give a polymer solution. The polymerization conversion was 98 % and the weight average molecular weight (Mw) of a 
copolymer (to be referred to as "polymer (A)" hereinafter) separated out from the polymer solution was 70.000. 

40 

Synthesis Example 2 

[0132] A polymer solution was obtained in the same manner as in Synthesis Example 1 except that a monomer com- 
position comprising 200 parts of N-methyl-2-pyrrolidone, 80 parts of n-butyl methacrylate, 20 parts of methacrylic acid 
45 and 1 part of azobisisobutyronitrile was charged into an autoclave. The polymerization conversion was 97 % and the 
weight average molecular weight (^4w) of a copolymer (to be referred to as "polymer (B)" hereinafter) separated out 
from the polymer solution was 100.000. 

Synthesis Example 3 

50 

[0133] A polymer solution was obtained in the same manner as in Synthesis Example 1 except that a monomer com- 
position comprising 200 parts of N-methyl-2-pyrroiidone. 90 parts of n-butyl metiiacrylate. 10 parts of methacrylic acid 
and 1 part of azobisisobutyronitrile was charged into an autoclave. The polymerization conversion was 97 % and the 
weight average molecular weight (Mw) of a copolymer (to be referred to as "polymer (C)" hereinafter) separated out 
55 from tiie polymer solution was 90,000. 
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Synthesis Example 4 - ; ■ - * - 

[0134] A polymer solution was obtained in the same manner as in Synthesis Example 1 except that a monomer com- 
position comprising 200 parts of ethyl S-ethoxypropionate. 85 parts of n-lxityl methacryiate. 1 5 parts of methacryiic acid 
5 and 1 part of azobisisobutyronitrile was charged into an autoclave. The polymerization conversion was 98 % and the 
weight average molecular weight (Mw) of a copolymer (to be referred to as "polymer (D)* hereinafter) separated out 
from the polymer solution was 50,000. 

Preparation Example 1 (Formation of transfer film for forming electrodes) 

10 

[0135] 750 Parts by silver powder as inorganic powder, 150 parts of the polymer (A) as an alkali-soluble resin, 20 
^ parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries, Ltd.] as a 

plastidzer an 400 parts of N-methyl-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic powder 
^ dispersed paste composition for forming electrodes [to be referred to as "inorganic powder dispersed paste composition 
15 (1-1)" hereinafter]. 

[0136] Thereafter, the obtained inorganic powder dispersed paste composition (1-1) was coated on a polyethylene 
terephthalate (PET) support film (a width of 200 mm. a length of 30 m and a thickness of 38 urn) that had been sub- 
jected to a release treatment with a roll coater to form a coated film. The formed coated film was dried at 1 1 0*0 for 5 
minutes to remove the solvent completely, whereby a transfer film [to be referred to as "transfer film (1-1)" hereinafter] 
20 having a 10 p-thick inorganic powder dispersed paste layer for forming electrodes (to be referred to as "inorganic pow- 
der dispersed paste layer (1-1)" hereinafter] formed on the support film was prepared. 

Preparation Example 2 (Formation of transfer film for forming electrodes) 

25 [0137] 750 Parts by silver powder as inorganic powder. 150 parts of the polymer (B) as an alkali-soluble resin. 20 
parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries. Ltd.] as a 
plasticizer and 400 parts of N-methyi-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic powder 
dispersed paste conrposition for forming electrodes [to be referred to as "inorganic powder dispersed paste composition 
(1-2)" hereinafter]. 

30 [0138] A transfer film [to be referred to as "transfer film (1-2)" hereinafter] having a 10 jim-thick inorganic powder dis- 
persed paste layer for forming electrodes [to be referred to as "inorganic powder dispersed paste layer (1-2)" hereinafter] 
formed on the support film was prepared by coating the inorganic powder dispersed paste connposition and removing 
the solvent completely in the same manner as in Preparation Example 1 except that the obtained inorganic powder dis- 
persed paste composition (1-2) was used. 

35 

Preparation Example 3 (Formation of transfer film for forming barrier ribs) 

[0139] 750 Parts of lead borosilicate glass frit (PbO-B203-Si02-series mixture, softening point: 540*'C, this shall be 
applied to the following description) as inorganic powder. 150 parts of the polymer (A) as an alkali-soluble resin. 20 
40 parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries, Ltd.] as a 
plasticizer and 400 parts of N-methyl-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic powder 
dispersed paste composition tor forming barrier ribs [to be referred to as "inorganic powder dispersed paste composi- 
tion (11-1)" hereinafter]. 

[0140] A transfer film [to be referred to as "transfer film (11-1 )" hereinafter] having a 40 lom-thick inorganic powder dis- 
45 persed paste layer for forming barrier ribs [to be referred to as "inorganic powder dispersed paste layer (il-1)" hereinaf- 
ter] formed on the support film was prepared by coating the inorganic powder dispersed paste composition and 
removing the solvent completely in the same manner as in Preparation Example 1 except that the obtained inorganic 
powder dispersed paste composition (11-1) was used. 

so Preparation Example 4 (Formation of transfer film for forming barrier ribs) 

[0141] 1.000 Parts of lead borosilicate glass frit as inorganic powder. 150 parts of the polymer (B) as an alkali -soluble 
resin. 20 parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries, Ltd.] 
as a plasticizer and 400 parts of N-methyl-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic 
55 powder dispersed paste composition for forming barrier ribs [to be referred to as "inorganic powder dispersed paste 
composition (1 1-2)'' hereinafter]. 

[0142] A transfer film [to be refen-ed to as "transfer film (11-2)" hereinafter] having a 40 pm-thick inorganic powder dis- 
persed paste layer for forming barrier ribs [to be referred to as "inorganic powder dispersed paste layer (11-2)" hereinaf- 
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ter] formed on the support film was prepared by coating the inorganic powder dispersed paste corrposition and 
removing the solvent completely in the same manner as in Preparation ExampI 1 except that the obtained inorganic 
powder dispersed paste conrposition (11-2) was used. 

5 Preparation Exanrple 5 (Formation of transfer film for fomriing barrier ribs) 

[0143] 750 Parts of lead borosilicate glass frit as inorganic powder. 150 parts of the polymer (B) as an alkali-sduble 
resin, 20 parts of polypropylene glycol [molecular weight of 400. manufactured by Wako Pure Chemical Industries, Ltd.] 
as a plastidzer and 400 parts of N-methyl-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic 
10 powder dispersed paste composition for forming barrier ribs [to be referred to as "inorganic powder dispersed paste 
composition (ll-S)" hereinafter], 

[0144] A transfer film [to be refenred to as "transfer film (11-3)" hereinafter] having a 40 ^un-thick inorganic powder dis- 
persed paste layer for forming barrier ribs [to be refen-ed to as "inorganic powder dispersed paste layer (M-3)" hereinaf- 
ter] formed on the support film was prepared by coating the inorganic powder dispersed paste composition and 
15 removing the solvent completely in the same manner as in Preparation Example 1 except that the obtained inorganic 
powder dispersed paste composition (11-3) was used. 

Preparation Exanple 6 (Formation of transfer film for forming barrier ribs) 

20 [0145] 1 ,000 Parts of lead borosilicate glass frit as inorganic powder, 1 50 parts of the polymer (C) as an alkali-sduble 
resin, 20 parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries, Ltd.] 
as a piasticizer and 400 parts of N-methyl-2-pynrolidone as a solvent were kneaded together to prepare an inorganic 
powder dispersed paste composition for forming barrier ribs [to be referred to as "inorganic powder dispersed paste 
composition (11-4)*' hereinafter]. 

25 [0146] A transfer film [to be referred to as "transfer film (11-4)" hereinafter] having a 40 ^im-thick inorganic powder dis- 
persed paste layer for forming barrier ribs [to be refen-ed to as "inorganic powder dispersed paste layer (11-4)" hereinaf- 
ter] formed on the support film was prepared by coating the inorganic powder dispersed paste composition and 
removing the solvent completely in the same manner as in Preparation Example 1 except that the obtained inorganic 
powder dispersed paste connposition (II-4) was used. 

30 

Preparation Exanrtple 7 

[0147] 750 Parts of lead borosilicate glass frit as inorganic powder, 150 parts of the polymer (C) as an alkali-soluble 
resin. 20 parts of polypropylene glycol [molecular weight of 400, manufactured by Wako Pure Chemical Industries. Ltd.] 
35 as a piasticizer and 400 parts of N-methyl-2-pyrrolidone as a solvent were kneaded together to prepare an inorganic 
powder dispersed paste connposition for forming t>arrier ribs [to be referred to as "inorganic powder dispersed paste 
composition (11-5)" hereinafter]. 

[0148] A transfer film [to be referred to as "transfer film (II-5)" hereinafter] having a 40 ^m-thick inorganic powder dis- 
persed paste layer for fornning barrier ribs [to be refenred to as "inorganic powder dispersed paste layer (lt-5)" hereinaf- 
40 ter] formed on the support film was prepared by coating the inorganic powder dispersed paste conrposition and 
removing the solvent completely in the same manner as in Preparation Example 1 except that the obtained inorganic 
powder dispersed paste composition (11-5) was used. 

Solubility of inorganic powder dispersed paste layer for forming ban-ier ribs 

45 

[0149] The solubility of each of the inorganic powder dispersed paste layers for forming ban-ier ribs (11-1) to (11-5) of 
the Preparation Examples 3 to 7 in a 0.2 wt% aqueous solution of potassium hydroxide was evaluated. The evaluation 
method is as follows, and evaluation results are shown in Table 1 below. 

50 (evaluation method) 

[0150] Each of the inorganic powder dispersed paste compositions was coated on the surface of a soda glass sub- 
strate (5 cm square and 1.1 mm thick) with a bar coater and dried at 1 10°C for 5 minutes to remove the solvent com- 
pletely to prepare a test piece having a 40 jim-thick inorganic powder dispersed paste layer. 
55 [01 51 1 The obtained test piece was immersed in a 0.2 wt% aqueous solution of potassium hydroxide and the surface 
of the test piece was observed while the solution was stirred with a magnetic stirrer. The time elapsed before half of the 
surface of the substrate was exposed by the dissolution of the inorganic powder dispersed paste layer on the surface 
of the test piece was measured as a dissolution time and the dissolution speed was calculated based on the following 
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equation. 



dissolution speed (^m/sec) = film thickness (|im)/dissolution time (sec) 



equation 



Tattle 1 



70 



75 



Inorganic powder dis- 
persed paste layer 


film thickness (^m) 


dissolution time (sec) 


dissolution speed 
(^im/sec) 


11-1 


40 


30 


1.33 


11-2 


40 


46 


0.87 


11-3 


40 


62 


0.65 


11-4 


40 


74 


0.54 


11-5 


40 


88 


0.45 



20 



25, 



30 



Preparation Example 8 (Formation of transfer film for forming resist film) 

[0152] 50 Parts of the polymer (C) as an alkali-soluble resin. 40 parts of pentaerythritol tetraacrylate as a polyfunc- 
tional monomer (radiation sensitive component), 5 parts of 2-benzyl-2-dimethylamino-1 -(4-nnorpholinophenyl)-butan-1 - 
one as a photopolymerization initiator (radiation sensitive component) and 150 parts of ethyl 3-e thoxypropionat e as a 
solvent were kneaded together to prepare an alkali development type radiation sensitive resist composition in the form 
of a paste. 

[0153] A coated film was formed by coating a polyethylene terephthalate (PET) support film (a width of 200 mm. a 
length of 30 m and a thickness of 38 jim) that had been subjected to a release treatment with the obtained resist com- 
position by the use of a roll coater. The formed coated film was dried at 1 1 0*C for 5 minutes to remove the solvent com- 
pletely, whereby a transfer film [to be refen-ed to as "transfer film (R-1 y hereinafter] having a 5 ^m-thick resist film [to be 
referred to as "resist film (I)" hereinafter] formed on the support film was prepared. 

--Preparation Exannple 9 (Formation of transfer film for forming resist film) 



35 



40 



[0154] 50 Parts of the polymer (D) as an alkali-soluble resin, 40 parts of pentaerythritol tetraacrylate as a polyfunc- 
tional monomer (radiation sensitive conponent). 5 parts of 2-ben2yt-2-dimethylamino-1 -(4-morpholinophenyl)-butan-1 - 
one as a photopolymerization initiator (radiation sensitive component) and 150 parts of ethyl 3-ethoxypropionate as a 
solvent were kneaded together to prepare an alkali development type radiation sensitive resist composition In the form 
of a paste. 

[0155] A coated film was formed by coating a polyethylene terephthalate (PET) support film (a width of 200 mm, a 
length of 30 m and a thickness of 38 ^m) that had been subjected to a release treatment with the obtained resist com- 
position by the use of a roll coater. The formed coated film was dried at 1 1 0**C for 5 minutes to remove the solvent com- 
plet iy. whereby a transfer film [to be referred to as transfer film (R-2)" hereinafter] having a 1 0 nm-thick resist film [to 
be referred to as "resist film (2)" hereinafter] formed on the support film was prepared. 



45 Exanrtple 1 



[Step of transferring inorganic powder dispersed paste layer] 

[0156] The transfer film [1-1] was placed upon a glass substrate for a 6-inch panel in such a manner that the surface 
so of the inorganic powder dispersed paste layer (1-1 ) for forming electrodes came into contact with the surface of the glass 
substrate, and the transfer film [1-1] was press-bonded to the glass substrate by a heating roller. Press-t)onding condi- 
tions are a heating roller surface tennperature of 120°C, a roll pressure of 4 kg/cm^ and a heating roller roll moving 
speed of 0.5 nVmin. After the above press-bonding treatment, the support film was removed from the inorganic powder 
dispersed paste layer (1-1). Thereby the inorganic powder dispersed paste layer (1-1) was transferred and closely 
55 bonded to the surface of the glass substrate. When the thickness of this inorganic powder dispersed paste layer vras 
measured, it was 10 nm ± 1 ^m. 

[0157] Thereafter, the transfer film (1-2) was placed upon the inorganic powder dispersed paste layer (1-1) in such a 
manner that the surface of the inorganic powder dispersed paste layer (1-2) came into contact with the surface of the 
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inorganic powder dispersed paste layer (1-1 ). and the transfer film (1-2) was press-bonded by a heating roller under the 
same press-bonding conditions as described above. After the above press-ljonding treatment, the support film was 
removed from the inorganic powder dispersed paste layer (1-2). Thereby the incxganic powder dispersed paste layer (I- 
2) was transferred and closeiy bonded to the surface of the inorganic powder dispersed paste layer (1-1)). When the 
£ thickness d the laminate consisting of the inorganic powder dispersed paste layers (1-1) and (1-2) formed on the gJass 
substrate was measured, it was 20 |im ± 2 \im. 

[Step of forming resist film] 

10 [01 58] The transfer film (R-1 ) was placed upon the inorganic powder dispersed paste layer (1-2) in such a manner that 
the surface of the resist film (1) came into contact with the surface of the inorganic powder dispersed paste layer (1-2). 
and the transfer film (R-1) was press-bonded by a heating roller under the same press-bonding conditions as described 
above. After the above press-bonding treatment the support film was removed from the resist film (1). Thereby, the 
resist film (1) was transfen-ed and closely bonded to the surface of the inorganic powder dispersed paste layer (1-2). 

15 When the thickness of the resist film (1) transferred to the surface of the inorganic powder disposed paste layer (1-2) 
was measured, it was 5 jim ± 1 \um, 

[Step of exposing resist film] 

20 [0159] The resist film (1) formed on the laminate of the inorganic powder dispersed paste layers was exposed to an 
i-line (ultraviolet light having a wavelength of 365 nm) by an ultra high-pressure mercury lamp through an exposure 
mask (stripe pattern having a width of 70 ^rni). The amount of irradiation was 400 mj/cm^. 

[Step of developing resist film] 

25 

[0160] The exposed resist film (1) was developed with a 0.2 wt% aqueous solution of potassium hydroxide (25*'C) as 
a developer by a shower method for 20 seconds. Then, the resist film was washed with ultra-pure water to remove unex- 
posed uncured resist so as to fonn a resist pattern. 

30 [Step of etching inorganic powder dispersed paste layer] 

[0161] Without a break after the above step, etching was carried out with a 0.2 wt% aqueous solution of potassium 
hydroxide (25°C) as an etching solution by a shower method for 2 minutes. Thereafter, washing treatment with ultra- 
pure water and drying treatment were can-ied out. Thereby, an inorganic powder dispersed paste layer pattern consist- 
35 ing of material layer remaining portions and material layer removed portions was formed. 

[Step of baking inorganic powder dispersed paste layer] 

[0162] The glass substrate having the above inorganic powder dispersed paste layer pattern was baked in a firing 
40 furnace at 60"C for 30 minutes. A panel material having electrodes formed on the surface of the glass substrate was 
thereby obtained. 

[0163] When the cross section of the electrode of the obtained panel material was observed by a scanning electron 
microscope to measure the width and height of the bottom face of the cross section, the width of the bottom face was 
50 ^m ± 2 ^im and the height was 10 ± 1 ^im. Thus, dimensional accuracy was very high. 

45 

Example 2 

[Formation of transfer film] 

£0 [0164] A transfer film having a laminate consisting of two inorganic powder dispersed paste layers for forming elec- 
trodes and a resist film formed on a support film was prepared by the following operations (1 ) to (3). 

(1) A 5 pm-thick resist film [to be referred to as "resist film {Vy hereinafter] was formed on the support film by coat- 
ing a PET support film (a width of 200 mm. a length of 30 m and a thickness of 38 \ivri) that had been subjected to 

55 a release treatment with the resist composition used in Preparation Exanple 8 by the use of a roll coater and drying 
the coated film at 1 1 0**C for 5 minutes to remove the solvent completely 

(2) A 10 jim-thick inorganic powder dispersed paste layer for forming electrodes [to be referred to as "inorganic 
powder dispersed paste layer (1-2*)" hereinafter] was formed on the resist film (1 ') by coating the resist film (1 ') with 
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the inorganic powder dispersed paste composition (1-2) by the use of a roll coater and drying the coated film at 
1 10**C for 5 minutes to remove the solvent completely 

(3) A 10 fim-thick inorganic powder dispersed paste layer [to be refen-ed to as "inorganic powder dispersed paste 
layer {1-1 hereinafter] was formed on the inorganic powder dispersed paste layer (1-2') by coating the inorganic 
5 powder dispersed paste layer (1-20 with the inorganic powder dispersed paste composition (1-1) by the use of a roll 

coater and drying the coated film at 1 10**C for 5 minutes to remove the solvent completely 

[Step of transferring lanvnate film] 

10 [0165] The transfer film was placed upon the same glass substrate as used in Example 1 in such a manner that the 
surface of the inorganic powder dispersed paste layer (l-V) came into contact with the surface of the glass substrate, 
and the transfer film was press-bonded by a heating roller. Press-bonding conditions are a heating roller surface tem- 
perature of 120**C. a roD pressure of 4 kg/cm^ and a heating roll moving speed of 0.5 m/min. After the atxjve press- 
bonding treatment, the support film was removed from the lanninatefilm [surface of the resist film (l*)]. Thereby, the lam- 

15 inate film was transferred and closely bonded to the surface of the glass substrate. When the thickness of this laminate 
film [laminate film consisting of two inorganic powder dispersed paste layers and the resist film] was measured, it was 
25pm±2^m. 

[Step of exposing and developing resist film] 

20 . ■ 

[0166] A resist patta-n was formed on the laminate of the inorganic powder dispersed paste layers by exposing (to 
ultraviolet light), developing with an aqueous solution of potassium hydroxide and washing with water the resist film (r) 
form d on the laminate of the inorganic powder dispersed paste layers under the same conditions as in Example 1 . 

25 [step of etching inorganic powder dispersed paste layer] 

[0167] Without a break after the above step, etching with an aqueous solution of potassium hydroxide, washing with 
water and drying were carried out under the same conditions as in Example 1 to form an inorganic powder dispersed 
paste layer pattern. 

30 

[Step of baking inorganic powder dispersed paste layer pattern] 

[0168] The glass substrate having an inorganic powder dispersed paste layer pattern was baked in a firing furnace at 
600**C for 30 minutes. A panel material having electrodes formed on the surface of the glass substrate was thereby 
35 Obtained. 

[0169] When the cross section of the electrode of the obtained panel material was observed by a scanning electron 
microscope to measure the width and height of the bottom face of the cross section, the width of the bottom face was 
50 ^im ± 2 Jim and the height was 10 ^m ± 1 fim. Thus, dimensional accuracy was very high. 

40 Exanple 3 

[Step of transferring inorganic powder dispersed paste layer] 

[0170] The transfer fflm (11-1) was placed upon a glass substrate for a 6-inch panel, which fias been arranged with 
45 electrodes (width of 100 ^m) for generating plasma, in such a manner that the surface of the inorganic powder dis- 
persed paste layer (11-1) came into contact with the surface of the glass substrate, and the transfer film (11-1) was press- 
bonded by a heating roller. Press-bonding conditions are a heating roller surface temperature of 120**C, a roll pressure 
of 4 kg/cm^ and a heating roll moving speed of 0.5 m/min. After the above press-bonding treatment, the support film 
was removed from the inorganic powder dispersed paste layer (11-1). Thereby, the inorganic powder dispersed paste 
50 layer (11-1) was transferred and dosely bonded to the surface of the glass substrate. When the thickness of the inorganic 
powder dispersed paste layer (11-1 ) was measured, it was 40 ^un ± 1 |nm. 

[0171] Then, the transfer film (11-2) was placed upon the inorganic powder dispersed paste layer (11-1) in such a man- 
ner that the surface of the inorganic powder dispersed paste layer (11-2) came into contact with the surface of the inor- 
ganic powder dispersed paste layer (II-1). and the transfer film (11-2) was press-bonded by a heating roller under the 
55 same press-bonding conditions as described above. After the above press-bonding treatment, the support film was 
removed from the inorganic powder dispersed paste layer (1 1-2). Thereby, the inorganic powder dispersed paste layer 
(11-2) was transferred and closely bonded to the surface of the inorganic powder dispersed paste layer (11-1 ). 
[0172] When the thickness of the laminate of the inorganic powder dispersed paste layers (11-1 ) and (11-2) formed on 
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the giass substrate was measured, it was 80 urn ± 2 ^im. r . 

[0173] Thereafter, the transfer film (11-3) was placed upon the inorganic powder dispersed paste layer (11-2) in such a 
manner that the surface of the inorganic powder dispersed paste layer (11-3) came into contact* with the surface of the 
inorganic powder dispersed paste layer (11-2). and the transfer film (11-3) was press-bonded by a heating roller under the 
£ same press-bonding conditions as described above. After the above press-bonding treatment, the support film was 
removed from the inorganic powder dispersed paste layer (il-3). Thereby, the Inorganic powder dispersed paste layer 
(11-3) was transferred and closely bonded to the surface of the inorganic powder dispersed paste layer (11-2). 
[01 74] When the thickness of the laminate of the inorganic powder dispersed paste layers (11-1) to (11-3) formed on the 
glass substrate was measured, it was 120 ^m ± 3 pm. 
w [0175] Thereafter, the transfer film (11-4) was placed upon the inorganic powder dispersed paste layer (11-3) in such a 
manner that the surface of the inorganic powder dispersed paste layer (11-4) came into contact with the surface of the 
inorganic powder dispersed paste layer (11-3). and the transfer film (11-4) was press-bonded by a heating roller under the 
^ same press-bonding conditions as described above. After the atx)ve press-bonding treatment, the support film was 

' * removed from the inorganic powder dispersed paste layer (11-4). Thereby, the inorganic powder dispersed paste layer 

75 (II-4) was transferred and closely bonded to the surface of the inorganic powder dispersed paste layer (11-3). 

[0176] When the thickness of the laminate of the inorganic powder dispersed paste layers (IM) to (IM) formed on the 
glass substrate was measured, it was 160 pm ± 4 ^m. 

[0177] Thereafter, the transfer film (11-5) was placed upon the inorganic powder dispersed paste layer (II-4) in such a 
manner that the surface of the inorganic powder dispersed paste layer (11-5) came into contact with the surface of the 

20 inorganic powder dispersed paste layer (11-4), and the transfer film (11-5) was press-bonded by a heating roller under the 
same press-bonding conditions as described above. After the above press-bonding treatment, the support film was 
removed from the inorganic powder dispersed paste layer (11-5). Thereby, the inorganic powder dispersed paste layer 
(11-5) was transferred and closely bonded to the surface of the inorganic powder dispersed paste layer (11-4). When the 
thickness of the laminate of the inorganic powder dispersed paste layers (11-1) to (11-5) formed on the glass substrate 

25 was measured, it was 200 \im ± 5 pm. 

[Step of forming resist film] 

[0178] The transfer film (R-2) was placed upon the inorganic powder dispersed paste layer (11-5) in such a manner 
20 that the surface of the resist film (2) came into contact with the surface of the inorganic powder dispersed paste layer 
(11-5), and the transfer film (R-2) was press-bonded by a heating roller under the same press-bonding conditions as 
desaibed above. After the above press-bonding treatment, the support film was removed from the resist film (2). 
Thereby, the resist film (2) was transfen-ed and closely bonded to the surface of the inorganic powder dispersed paste 
layer (il-5). 

35 [0179] When the thickness of the resist film (2) transferred to the surface of the inorganic powder dispersed paste 
layer (11-5) was measured, it was 10 pm ± 1 ^m. 

[Step of exposing resist film] 

40 [0180] The resist film (2) formed on the laminate of the inorganic powder dispersed paste layers was exposed to an 
i-line (ultraviolet light having a wavelength of 365 nm) by an ultra high-pressure mercury lamp through an exposure 
mask (stripe pattern having a width of 50 ^m). The amount of irradiation was 400 mJ/cm^. 

[Step of developing resist film] 

45 

[0181 1 The exposed resist f Om (2) was developed with a 0.2 wt% aqueous solution of potassium hydroxide (25**C) as 
a developer by a shower method for 30 seconds. Then, the resist film was washed with ultraiJure water to remove unex- 
posed uncured resist so as to form a resist pattern. 

so [Step of etching inorganic powder dispersed paste layer] 

[0182] Without a break after the above step, etching was carried out with a 0.2 wt% aqueous solution of potassium 
hydroxide (25°C) as an etching solution by a shower method for 5 minutes. 

[0183] Thereafter, washing treatment with ultra-pure water and drying treatment were carried out. Thereby, an inor- 
55 ganic powder dispersed paste layer pattern consisting of material layer remaining portions and material layer removed 
portions was formed. 
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[Step of baking inorganic powder dispersed paste layer] 

[0184] The glass substrate having the above inorganic powder dispersed paste layer pattern formed thereon was 
heated in a clean oven at 180*C. This glass substrate was then transferred in a firing furnace and baked at 520**C for 
5 30 minutes. A panel material having barrier nbs (glass sintered body) on the surface of the glass substrate was thereby 
obtained. ^ . 

[0185] When the cross section of the barrier n*b off the obtained panel material was observed by a scanning electron 
microscope to measure the width and height of the bottom face of the cross section, the width of the bottom face was 
50 fim ± 3 ^m and the height was 1 50 ^m ± 4 ^m. Thus, the dimensional accuracy of the barrier rib was very high and 
10 the aspect ratio was as high as 3. 

[0186] A plasma display panel was manufactured using this panel material In accordance with a commonly used 
method. This plasma display panel had high brightness at fluorescent sites and displayed high<iuality color images. 

Example 4 

15 

[Formation of transfer film] 

[0187] A transfer film having a laminate film consisting of five inorganic powder dispersed paste layers and a resist 
film formed on a support film was prepared by the following operations (1 ) to (6). 

20 

(1) A 10 >im-thick resist film [to be referred to as "resist film {2y hereinafter] was formed on the sufportfilm by coat- 
ing a PET support film (a width of 200 mm. a length of 30 m arKi a thickness of 38 inm) that had been subjected to 
a release treatment with the resist composition used in Preparation Example 9 by the use of a roll coater and drying 
the coated film at 110**C for 5 minutes to remove the solvent completely. 

(2) A 40 pm-thick inorganic powder dispersed paste layer [to be refen-ed to as "inorganic powder dispersed paste 
layer (II-5T hereinafter] was formed on the resist film (2^ by coating the resist film (2') with the inorganic powder 
dispersed paste composition (11-5) by the use of a roll coater and drying the coated film at 1 10*C for 5 minutes to 
remove the solvent completely. 

(3) A 40 jim-thick inorganic powder dispersed paste layer [to be refenred to as "inorganic powder dispersed paste 
layer (IM*)" hereinafter] was formed on the inorganic powder dispersed paste layer (11-5') by coating the inorganic 
powder dispersed paste layer (ll-S*) with the inorganic powder dispersed paste composition (11-4) by the use of a 
roll coater and drying the coated film at 1 10**C for 5 minutes to remove the solvent conpletely. 

(4) A 40 ^im-thick inorganic powder dispersed paste layer [to be referred to as "inorganic powder dispersed paste 
layer (11-3')" hereinafter] was formed on the inorganic powder dispersed paste layer (11-4') by coating the inorganic 
powder dispersed paste layer (11-4*) with the inorganic powder dispersed paste composition (11-3) by the use of a 
roll coater and drying the coated film at 110**C for 5 minutes to remove the solvent conpletely. 

(5) A 40 ^un-thick inorganic powder dispersed paste layer [to be refen-ed to as "inorganic powder dispersed paste 
layer (11-2')" hereinafter] was formed on the inorganic powder dispersed paste layer (11-3') by coating the inorganic 
powder dispersed paste layer (11-3*) with the inorganic powder dispersed paste composition (11-2) by the use of a 
roll coater and drying the coated film at 1 10"C for 5 minutes to remove the solvent completely. 

(6) A 40 jim-thick inorganic powder dispersed paste layer [to be refen-ed to as "inorganic powder dispersed paste 
layer (Il-I*)" hereinafter] was formed on the inorganic powder dispersed paste layer (11-2') by coating the inorganic 
powder dispersed paste layer (11-2') with the inorganic powder dispersed paste composition (11-1) by the use of a 
roll coater and drying the coated film at 1 1CC for 5 minutes to remove the solvent completely. 

45 

[Step of transferring laminate film] 

[0188] The transfer film was placed upon the same glass substrate as used in Example 3 in such a manner that the 
surface of the inorganic powder dispersed paste layer (1 *) came into contact with the surface of the glass substrate, and 

50 the transfer film was press-bonded by a heating roller. Press-bonding conditions are a heating roller surface tempera- 
ture of 100°C, a roll pressure of 3 kg/cm^ and a heating roll moving speed of 0.5 nVmin. After the above press-bonding 
treatment, the support film was removed from the laminate film [surface of the resist film (2')]. Thereby, the laminate film 
was transferred and closely bonded to the surface of the glass substrate. When the thickness of this laminate film [lam- 
inate film consisting of five inorganic powder dispersed paste layers and the resist film] was measured, it was 21 0 urn 

55 ±6 pm. 
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[Step of exposing and developing resist film] 

[0189] A resist pattern was formed on the laminate of the inorganic powder dispersed paste layers by exposing (to 
uttravioiet light), developing with an aqueous solution of potassium hydroxide and washing with water the resist film (2') 
5 formed on the laminate of the inorganic powder dispersed paste layers under the same conditions as in Example 1 . 

[Step of etching inorganic powder dispersed paste layers] 

[01 90] Without a break after the above step, an inorganic powder dispersed paste layer pattern was formed by etching 
10 with an aqueous solution of potassium hydroxide, washing with water and drying the laminate of the inorganic powder 
dispersed paste layers under the same conditions as in Example 3. 

[Step of baking inorganic powder dispersed paste layer pattern] 

15 [0191] The glass substrate having an inorganic powder dispersed paste layer pattern formed thereon was heated in 
a clean oven at 180*'C for 30 minutes. Thereafter, this glass substrate was transferred in a firing furnace and baked at 
520**C for 30 minutes to give a panel material having barrier ribs (glass sintered body) formed on the surface of the 
glass substrate. 

[0192] When the cross section of the barrier rib of the obtained panel material was observed by a scanning electron 
20 microscope to measure the width and height of the bottom face of the cross section, the width of the bottom face was 
50 |im ± 3 fim and the height was 150 >im ± 4 ^m. Thus, the dimensional accuracy of the barrier rib was very high and 
the aspect ratio was as high as 3. 

[0193] A plasma display panel was manufactured using this panel material in accordance with a commonly used 
method. This plasma display panel had high brightness at fluorescent sites and displayed high-quality color images. 

25 [0194] A process for forming an inorganic material layer pattern on a substrate. The process includes the steps of 
transferring an inorganic powder dispersed paste layer supported on a support film to the surface of the substrate to 
form the inorganic powder dispersed paste layer on the substrate; forming a resist film on the inorganic powder dis- 
persed paste layer transferred to the surface of the substrate; exposing the resist film to light through a mask to form a 
latent image of a resist pattern; developing the exposed resist film to form the resist pattern; etching exposed portions 

30 of the inorganic powder dispersed paste layer to form an Inorganic powder dispersed paste layer pattern corresponding 
to the resist pattern; and baking the pattem to form an inorganic nnaterial layer pattern. 

Claims 

35 1 . A process for forming an Inorganic material layer pattern on a substrate, which comprises the steps of : 

(1) transfening an inorganic powder dispersed paste layer supported on a support film to the surface of the 
substrate to form the inorganic powder dispersed paste layer on the substrate; 

(2) forming a resist film on the inorganic powder dispersed paste layer transferred to the surface of the sub- 
40 strate; 

(3) exposing the resist film to light through a mask to form a latent image of a resist pattern; 

(4) developing the exposed resist f ilm to form the resist pattern; 

(5) etching exposed portions of the inorganic powder dispersed paste layer to form an inorganic powder dis- 
persed paste layer pattern corresponding to the resist pattern; and 

45 (6) baking the pattern to form an inorganic material layer pattern. 

2. The process of claim 1 , which is for forming electrodes on a substrate for a plasma display panel, wherein the inor- 
ganic powder dispersed paste layer is a paste layer in which conductive inorganic powder is dispersed and the inor- 
ganic material layer pattern formed in the above step (6) is electrodes. 

so 

3. The process of claim 2, wherein the paste layer in which conductive inorganic powder is dispersed is formed by 
coating the support film with a paste composition conrprising (a-1 ) conductive powder, (b) an alkali-soluble resin 
and (c) a solvent and drying the coated film to remove part or all of the solvent. 

£5 4. The process of claim 1 . which is for forming bamer ribs on a substrate for a plasma display panel, wherein the inor- 
ganic powder dispersed paste layer is a paste layer in which glass powder is dispersed and the Inorganic material 
layer pattern formed in the above step (6) is ban-ier ribs. 
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5. The process of claim 4. wherein the paste layer in which glass powder is dispersed is formed by coating the support 
film with a paste composition comprising {a-2) glass frit (b) an alkali-soluble resin and (c) a solvent and drying the 
coated film to remove part or all of the solvent. 

6. The process of daim 1 . wherein the fornrration of the resist film in the step (2) is cairied out by transfening the resist 
film supported on a support film to the surface of the inorganic powder dispersed paste layer. 

7. The process of claim 1 , wherein the inorganic powder dispersed paste layer formed on the substrate in the step ( 1 ) 
is a laminate of a plurality of paste layers. 

8. The process of daim 1 . wherein a single inorganic powder dispersed paste layer supported on the support film is 
transferred 2 to 10 times in the step (1) to form a laminate of 2 to 10 inorganic powder dispersed paste layers on 
the substrate. 

9. The process of daim 1 , wherein a laminate of 2 to 10 inorganic powder dispersed paste layers supported on a sup- 
port film is transferred to the surface of the substrate in step (1) to form a laminate of 2 to 10 Inorganic powder dis- 
persed paste layers on the substrate. 

10. A process for forming an inorganic material layer pattern on a substrate, which comprises the steps of: 

(1) transferring a laminate film, in which a resist film and an inorganic powder dispersed paste layer are lanrd- 
nated and supported on a support film in this order, to the surface of the substrate to form on the substrate the 
laminate film in which the inorganic powder dispersed paste layer and the resist film are laminated in this order; 

(2) exposing the resist film to light through a mask to form a latent image of a resist pattern; 

(3) developing the exposed resist film to form the resist pattern; 

(4) etching exposed portions of the inorganic powder dispersed paste layer to form an inorganic powder dis- 
persed paste layer pattern corresponding to the resist pattern; and 

(5) baking the pattern to form an inorganic material layer pattern. 

1 1 . The process of daim 1 0. which is for forming electrodes on a substrate for a plasma display panel, wherein the inor- 
ganic powder dispersed paste layer is a paste layer in which conductive inorganic powder is dispersed and the inor- 
ganic material layer pattern formed in the above step (5) is electrodes. 

12. The process of daim 11, wherein the paste layer in which conductive inorganic powder is dispersed is formed by 
coating the resist film of a support film comprising the resist film with a paste conposition comprising (a-1 ) conduc- 
tive powder, (b) an alkali-soluble resin and (c) a solvent and drying the coated film to remove part or all of the sol- 
vent. 

13. The process of daim 10. which is for forming barrier ribs on a substrate for a plasma display panel, wherein the 
inorganic powder dispersed paste layer is a paste layer in which glass powder is dispersed and the inorganic mate- 
rial layer pattern formed in the above step (5) Is ban-ier ribs. 

1 4. The process of claim 13. wherein the paste layer in which glass powder is dispersed is formed by coating the resist 
film of a support film comprising the resist film with a paste composition comprising (a-2) glass frit, (b) an alkali- 
soluble resin and (c) a solvent and drying the coated fihn to remove part or all of the solvent. 

1 5. The process of claim 1 0, wherein the resist film in the step (1 ) is formed by transferring the resist film supported on 
a support film to the surface of another support film. 

16. The process of claim 10. wherein the inorganic powder dispersed paste layer of the laminate film formed on the 
substrate in the step (1) is a laminate of a plurality of paste layers. 

17. The process of daim 10, wherein the laminate film in the step (1) is formed by transferring a single inorganic pow- 
der dispersed paste layer supported on the support film 2 to 1 0 times to form a laminate of 2 to 1 0 inorganic powder 
dispersed paste layers on the resist film of the substrate comprising the resist film. 

18. The process of daim 10, wherein the laminate film in the step (1) is formed by transferring the laminate of 2 to 10 
inorganic powder dispersed paste layers supported on the support film to the resist film of the substrate comprising 
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the resist fnm to form a laminate of 2 to 10 inorganic powder dispersed paste layers on the substrate. 

1 9. A transfer film for forming electrodes having on a support film a conductive powder dispersed paste layer formed of 
a paste conposition comprising (a-1) conductive powder, (b) an alkaii-soluWe resin and (c) a solvent. 

5 

20. A transfer film for forming barrier ribs having on a support film a glass powder dispersed paste layer formed of a 
paste composition comprising (a-2) glass frit, (b) an alkali-soluble resin and (c) a solvent. 

21 . A transfer film for forming electrodes that has a laminate in which a resist film and a conductive powder dispersed 
10 paste layer, which is formed of a paste composition comprising (a-1) conductive powder, (b) an alkali-soluble resin 

and (c) a solvent, are laminated on a support film in this order. 

^ 22. A transfer film for forming barrier ribs that has a laminate in which a resist film and a glass powder dispersed paste 

\ layer, which is formed of a paste composition corrprising (a-2) glass frit, (b) an alkali-soluble resin and (c) a solvent, 

^ 15 are laminated on a support film in this order. 

23. A transfer film for forming electrodes that has a laminate in which a resist film, a conductive powder dispersed paste 
layer formed of a paste composition conprising (a-1) conductive powder, (b) an alkali-soluble resin and (c) a sol- 
vent, and a reflection reducing film are laminated on a support film in this order. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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